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I. ABOUT THE BUFFALO 


"BUFFALO" by Dick Pryce, SCOUTING MAGAZINE* 


In 1867, the Kiowa Indian Chief, 
Satanta, predicted the annihilation 
of the buffalo. Hardly anyone, white 
or red, took his warning seriously. 
Every spring a seemingly inexhaust- 
ible supply moved northward in the 
annual migration. Thousands upon 
thousands of buffalo would blacken 
the earth clear to the horizons. The 
Indians believed the buffalo were 
magically produced in limitless quan- 
tities in a gigantic cavern hidden 
somewhere in the vast reaches of the 
Llano Estacado, the semiarid Staked 
Plain region of Texas and New Mexico. 
The white man knew that the shaggy 
beasts always had been as numerous 
on the plains as countless blades of 
prairie grass. The immense tableland 
lying east of the Rocky Mountains, 
from Mexico to Canada, had always 
been one great big buffalo pasture. 


A treaty was signed by the 
Plains Indians in which they agreed 
to abandon their free way of life, 
which included living on reserva- 


tions and withdrawing all opposition 


to the railroads. In return, the 
peace commissioners promised annui- 
ties to feed and clothe the tribes 
and allowed them off-reservation 
hunting rights -- on lands the 
Indians had regarded as theirs for 
hundreds of years. one 


Railroad construction by the 
Union Pacific had reached Cheyenne, 
Wyoming by this time. The coming 
of the railroad heralded the begin- 
ning of the end to the American 
bison -- a name seldom if ever used 


' by frontiersmen such as William 


¥ Cody o 


Cody was employed as a meat hunter for 
still another railroad, the Kansas Pacific. 
To feed the railroad's construction workers, 
in 17 months he killed nearly 4,300 buffalo, 
earning in the process $500 a month, the 
lifelong nickname of Buffalo Bill and a 
permanent niche in American history. 


In 1868 the Kansas Pacific began selling 
tickets to sportsmen who would slaughter a 
few buffalo, then hop back on the train to 
return to the East. Some passengers didn't 
even leave their seats. They simply started 
banging away when the train passed through 
a herd. Nearly always the meat was left to 
rot. These senseless killings infuriated 
the Indians, and periodically they would 
vent their anger on small groups of white 
men. But aside from driving the herds back 
from the railroad rights-of-way, this merry 
diversion hardly seemed to dent the supply. 


By this time the buffalo had been divided 
into what came to be called the Northern 
Herd and the Southern Herd, a trend that had 
been evident for years. The division appar- 
ently began in 1849, when tremendous numbers 
of men followed the Platte River of southern 
Nebraska westward toward the gold fields of 
California. At first these trailblazers 
could kill all the buffalo needed for food 
without stepping off the trail. But before 
long not a buffalo could be found within 
shooting distance of the Platte. When the 
Union Pacific was built along this river, 
the buffalo were divided forever -- with 
the greatest numbers living south of the 
Platte in the Southern Herd. 


Despite the separation, the animals were 
plentiful. Steamboats on the upper Missouri 
would stop and wait when a herd wanted to 
cross the river. In the frontier cowtown of 
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SCOUTING MAGAZINE, 
March-April 1972 issue. 


ae *This article reproduced in part with permission from 
"BUFFALO" appears in Vol.60, No.3, 


Wichita, choice buffalo humps sold for 
three cents a pound, In May of 1871. 
Col. Richard I. Dodge traveled along 
the Arkansas River in central Kansas 
from old Fort Zarah to Fort Larned, a 
distance of 35 miles, through a huge 
herd moving northward. 


"At least 25 miles of that dis- 
tance," he later recalled, “was 
through one immense herd," adding 
that it took this bunch 5 days to 
pass a given point. 


At approximately the same time 
that Colonel Dodge picked his way 
through a herd later estimated to 
contain 4 million buffalo, indus- 
trialists in the East suddenly dis- 
covered that buffalo leather, for 
many purposes, was unexcelled. One 
firm ordered several thousand hides, 
and almost overnight a strange breed 
of men, the professional hide hunter, 
was born. Armed with recently per- 
fected long-range breechloading 
rifles, hide hunters could sneak to 
within 200 or 300 yards of a herd 
and pump lead into it as long as 
the herd was within range. Not 
since gold fever had gripped the 
restless in '49 had so many Ameri- 
cans flocked to one section of the 
country. The railroads brought 
hunters in by the trainload, carry- 
ing buffalo hides on the return trip. 


On September 23, 1872, tracks of 
the Santa Fe Saticay reached the Kan- 
sas hamlet of Dodge City, which soon 
became the headquarters from which 
the extermination of the Southern 
Herd was to be directed. By December 
there were at least 2,000 hide hun- 
ters employed in the buffalo-killing 
industry. The hide of a full-grown 
bull -- which would stand six feet 
at the shoulders and weigh 1,800 
pounds -— brought 75 cents to $2.50, 
depending on its condition. Good 
winter robes commanded from $4 to $6. 


Salted eeigaas about the only meat saved, 
earned hunters a quarter and sold for 50¢ 


in the East. By January 1, 1873, the Santa 
Fe had hauled 43,000 hides fron Dodge. 
few persons started to wonder if Satanta 
had been right when he predicted the whites 
would kill off the buffalo. 


"Each hide counts a buffalo slain," the 
editor of one frontier newspaper wrote when 
he learned how many hides were shipped from | 
Dodge, "and 43,000 hides in three months eS 
convey an idea of magnificent butchery that | 
forecasts the speedy extinction of the | 
prairie denizen." 


The editor's arithmetic appears logical, 
but it wasn't. The 43,000 hides probably 
represented at least 150, 000 dead buffalo, 
Maybe more. Experts Ife Colonel Dodge 
estimated that for every hide that reached 
the market, from two to five animals were 
killed, because most of the hide men were 
not frontiersmen and they ruined many of 
the hides during the skinning process. 


The "magnificent butchery" continued 
unabated. As buffalo became harder to 
find, better organization was necessary. 
The normal hunting party was made up of 
the hunter, four skinners and a cook. 
Buffalo usually were shot in the morning 
after they had been to water and were 
lying down to rest. The hunter, using 
two guns and a forked stick or tripod as 
a support, often killed 50 animals without 
moving from his track; 200 a day was a 
normal kill -- for a skinner could rip - 
the hides from about 25 buffalo in a day. 


William Blackmore, a London sportsman 
who traveled for 40 miles along the Arkan- 
sas River in the Fall of 1873, reported: 
"There was a continual line of putrescent 
carcasses, so that the air was rendered 
pestilential and offensive to the last 
degree. The hunters had formed a line of 
camps along the banks of the river and had 
shot down the buffalo, night and morning, 
as they came to drink. In order to give 
an idea of these carcasses, it is necessary 
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to mention that I counted 67 on one 
Spot not covering four acres." 


This slaughter was repeated on 
the Platte, the Smoky, the Pawnee, 
the Republican, the Solomon, the 
Walnut and the Saline Rivers, and 
their tributaries. 


"Every drink of water, every 
mouthful of grass," said a Cavalry 
officer who witnessed the orgy, "is 
at the expense of life, and the 
miserable animals, continually 
harassed, are driven into locali- 
ties far from their natural haunts, 
anywhere to avoid the increasing 
pursuits." 


Voices crying out against the 
Slaughter became more voluble. In 
1874 a bill was introduced in the 
Texas Legislature to protect buffalo. 
However, General Phil Sheridan, the 
Civil War hero, appeared before the 
lawmakers and pointed out that buf- 
falo were the commissary of the 
Indians, insisted that the extermi- 
nation was necessary to our colonial 
expansion. 


"One party of 16 hunters killed 
28,000 buffalo last summer," the 
United States Congress was told. 
That was an average of 1,750 buffalo 
per hunter, slain at a season when 
meat was impossible to save and 
worthless as food. 


_ But it was too late for tears, 
Nothing could save the vast herds 
of buffalo. The Kansas Pacific, 
Union Pacific and Santa Fe during 
a 3-year period (1872-74) shipped to 
the East 1.3 million hides, 6.7 
million pounds of meat and 32 mil- 
lion pounds of buffalo bones -- 
used mostly for fertilizer. Con- 
sidering the wasted animals, prob- 
ably 4.3 million buffalo -- the 
bulk of the Southern Herd -- were 
killed in these 3 years. Congress 
talked of interfering, but didn't. 


The buffalo melted like snow beneath 

a hot summer's sun. At the close of 

the hunting season of 1875, the remnant of 
the great Southern Herd fled south toward 
the Llano Estacado. 


The Dodge City-based hunters headed 
south also, despite the fact that the 
Medicine Lodge treaty forbade them to do 
so. More hunters made their headquarters 
at Fort Worth, Texas. From 1876 to 1878 
there were 300,000 additional skins mar- 
keted by 1,500 hunters, who for all prac- 
tical purposes wiped out the Southern Herd. 


The Northern Herd -- which numbered a 
about 1.5 million -- survived a few more | 
years on the high plains of the Dakotas, 
Montana and Wyoming. In 1880, summer 
hunt began in the north, and the herd had 
all but vanished by the end of the 1882-3 
season. And in another 3 years Indians in 
Canada were starving because most of the 
buffalo there were gone. 


A few wary buffalo continued to exist 
here and there. In 1887 a Texas rancher 
discovered a herd of about 200 in the 
Panhandle between the two forks of the 
Canadian River. His party killed 75. By 
this time the buffalo were so rare that 
the heads brought $50 apiece, the robes 
$200. 


Teddy Roosevelt, hunting in the fall 


of 1889 in Idaho, was deeply moved when 


he trained his sights on what certainly 
must have been among the last of the 
survivors. 


"Mixed with the eager excitement of 
the hunter," noted Roosevelt, "was a half- 
melancholy feeling as I gazed on these 
bison, themselves part of the last remnant 
of a doomed and nearly vanished race." 


And vanish they nearly did. By 1890 
there were fewer than 1,000 buffalo in 
the United States. At this point a few 
individuals and the federal government 
began giving long-withheld protection, 
Happily the buffalo never vanished, and 
there probably are 20,000 in scattered 


Canadian and American herds today. not butcher the buffaloes, there were 


Naturalists estimate there must many other hunting outfits around me 
have been 70 million buffalo in that would, so I killed all I could. > 
the 1700's. By 1800 there were no | | 
buffalo east of the Mississippi, "I and the thousands of other buffalo ~~ 
but 40 million in the 3 million hunters had no high-minded motives in 
square miles of open plains. It slaughtering the buffalo. We were after 
wasn't until the buffalo were his hide and the money it would bring, 
nearly gone that these attempts but yet the buffalo hunter was the true 
to count them were made. The rev- pioneer who cleared the way for the cow- 
elations were appalling, but to boy and steer, the settler with his plow, | 
the end the hide hunters showed the church and school and civilization ... @ 
no pity for the buffalo. When we killed off the buffalo, the 
Indian's commissary was gone, he was 

"Pity?" a puzzled veteran hide starved into submission, went upon his @ 
hunter said in 1930 a half century reservation. The country never could 
after the big kill. "No, I did not have been settled so long as the buffalo 
feel it. It was business with me. was here to support the Indian." 


I had money invested .... if I did 


II. HOW BUFLO SIMULATES THE NATURAL LIFE CYCLE 
OF THE AMERICAN BISON 


The buffalo's life cycle starts with the birth of the new calves. Birth 
takes place after the melting of the winter's snows in April or May, depending 
on the location. The BUFLO program reports the population immediately follow- 
ing calving. Because of this, the population may occasionally rise above the 
carrying capacity, the greatest number of buffalo which the range can support. — 
This surplus population will usually be eliminated through predation and 
natural mortality. 


Soon after birth, the new calves are able to travel with the rest of the 
herd and for the rest of their first year they will be dependent on their 
mother for protection and nutrition. Should the mother be killed, the calf 
will die as well. BUFLO takes this effect into account. If female adults 
are harvested (killed by hunters), a corresponding drop in the number of 
calves surviving to become yearlings will be noticed in a report the follow- 
ing spring.. 3 


Hunting parties seldom started until calving was finished because snows | 
limited the hunter's access to the herds. But once started, hunting continued . 
into the late fall, until weather made conditions unbearable (and unprofitable) 
for the hunter. Thus, the harvest was spread over the entire summer and fall. 
BUFLO takes this hunting distribution into consideration in simulating mating . 
activity. This is necessary since mating usually takes place in August, about | 
halfway through the hunting season. For the purposes of establishing fertility, 
BUFLO assumes that one half of the harvest takes place before mating. 


yO ~ 
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During the August mating, males join the female herds and mating 
activities start as females come into heat. The most dominant male usually 
mates with the first female to come into heat, the second male with the 
second female and so on. However, the males are polygamous. As soon as the 
mating activity of a pair is over, the male will attempt to mate with any 
other female coming into heat. In this way, a single dominant male buffalo 
may mate with several females in a single year. BUFLO assumes that a male 
buffalo may mate with a maximum of 10 females during a single mating season. 
If the number of male buffalo comes to be less than 10% of the female popu- 
lation, BUFLO assumes that several of the females will not become pregnant, 
and will not produce calves the following spring. This effect can be seen 
by hunting out all the adult males. 


A female buffalo can mate during her third year and produce a single 
offspring each year for thirty years. Observations of buffalo herds have 
established that mating patterns nearly guarantee the pregnancy of every 
fertile female. BUFLO assumes that if males are available, every female 
will become pregnant (see above); but that only a certain number of these 
pregnancies will be successful in producing live offsrping. 


Mortality from natural causes reaches its peak during the winter months. 
During this time heavy snows may cover the grasses needed by the buffalo, and 
travel becomes much more difficult. Large kills have been recorded when the 
buffalo herd had attempted to cross half-frozen rivers. Animals in the back 
of the herd pushed those in front through the broken ice. 


BUFLO assumes that the winter mortality rate is independent of hunting 
that has taken place during the previous summer. BUFLO also assumes that 
the winter herd population has an effect on the birth rate the following 
spring. If the population of the herd entering the winter is very near 
the carrying capacity, then conditions will be very hard on the individual 
buffalo and this will result in fewer live births the following spring. This 
effect can be seen by doing no hunting, and viewing the graph of the calves 
as the population nears the carrying capacity. 


With the coming of spring, the calves are now yearlings and the previous 
year's yearlings become adults. With the birth of the new calves, the buffalo 
life cycle starts once again. 


III. ANNOTATED SAMPLE RUNS 


In this run the student starts with a population of 400 buffalo and lets 
RUN #1} them reproduce until there are 800 in the herd. At that point the student 


¥ 


attempts to halt further growth of the population through selective harvest: . 


HAVE YOU USED BUFLO BEFORE C1l=YESs @=N0) ?9 


CONSULT THE STUDENT MANUAL FOR INFORMATION ON 
INITIALIZATION OF THE MODEL. 


BUFLO USES THE FOLLOWING CODE: 


AM=ADULT MALES AF=ADULT FEMALES 
YM=YEARLING MALES YF=YEARLING FEMALES 
CM=CALF MALES CF=CALF FEMALES 


THERE ARE TWO POLICIES OF HERD MANAGEMENT AVAILARLEs 
TOTAL FREEDOM OF HERD CONTROL (€1) 

OR AUTOMATIC SAFEGUARDS FOR HERD POPULATION ¢€2) 
WHICH POLICY DO YOU PREFER 71 


YEARS FOR OSSERVEs CHANGE POLICYs REPORT ?2%5251 







STUDENT WILL CARRY OUT A TWENTY YEAR STUDY, 
CHANGE HARVESTING EVERY SECOND YEAR AND GET 
A POPULATION REPORT EVERY YEAR. 


CARRYING CAPACITY 74940 






STARTING YEAR= ?71974 


WILL YOU INITIALIZE NUMBER OF BUFFALO BY 
BREAXDOWN ¢€1) OR TOTAL HERD €2) 22 
TOTAL BUFFALO IN HERD ?409 


| HARVEST PERCENTAGE OF ORIGINAL POPULATION 
SYM/GROUP- POP 

SPRING OF YEAR 1974 
HERD SIZE= 496 
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SPRING OF YEAR 1976 NORMALIZED GRAPH 


HERD SIZE= 472 


Y 
! 

A AM 152 29 | | c=cALVES 

A AF 136 29 
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~ ¥F 54 20 
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STUDENT HAS CONNECTED 


A=ADULTS Y=YEARLINGS 
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STUDENT CONTINUES TO 
DO NO HARVESTING. 
POPULATION GROWS. 
NOTE THAT POINTS ON 


GRAPH GO TO THE RIGHT. 
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SPRING OF YFAR 1984 A YC 
HERD SIZR= 757 | 
A AM 232 20 
A AF 212 29 a 
: Eee dy Seen 24 
Y YF 46 2% .A STUDENT HAS ELECTED ' 
C CM 87 2729 |} TO HARVEST 20 MALE | 
c cr 0 20 
1 
SPRING OF YEAR 1985 A sy, Fe 
HERD SIZE= 732 
A AM 245 1984 HARVESTING POLICY : | : - 
A AF 2PaA IS STILL IN EFFECT 
Y YM aa BECAUSE THE POLICY | 
Y YF Ag CHANGE INTERVAL WAS ° 
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CALF HARVEST LOWERS 
' YEARLING POPULATION 
IN SUCCEEDING YEARS 


SPRING OF YEAR 1989 
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DRASTIC HARVESTS 
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SPRING OF YEAR 1993 
HERD SIZE= 798 
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SPRING OF YEAR 1994 
HERD SIZE= 846 
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TOTAL HARVEST IN 


24 YEARS IS 488 BUFFALO. 








Here the student has selected AUTOMATIC SAFEGUARDS to 
protect the buffalo population. He is studying the 
effect of harvesting all of the yearlings. 


RUN #2 


RUFFALO HERD MANAGEMENT 


HAVE YOU USED BUFLO BEFORE C1=YES>, 
WHICH POLICY DO YOU PREFER 


YEARS FOR 


OBSERVEs 


CHANGE POLICYs 


CARRYING CAPACITY ?40E6 


STARTING 


JILL YOU 


HARVEST PERCENTAGE OF ORIGINAL POPULATION 
SYM/GROUP POP QUOTA 139 OA 349 
weedeenee aos, “ae me ee [oe ns J + 
SPRING OF YEAR 1999 CYA 
HERD SIZE= 29999900 ! 
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G=NO) ?1 CHOICE TWO WILL STOP 
HARVESTING IF EITHER 
THE ADULTS FALL BELOW 
A CERTAIN LEVEL OR IF 
THE ADULT QUOTAS EXCEED 
A DANGER LEVEL. THUS 
THE HERD IS PROTECTED 
AGAINST EXCESSIVE 
HARVESTING . 
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4 AF 1654831 20 
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C CF 746195 20) 
SPRING OF YEAR 1929 A CY 
HERD SIZE= 3517798 
A AM 973335 29 AFTER THIS MESSAGE IS 
A AF 977156 20 TYPED, NO HARVESTING 
6 Y YM 325178 2325178 TAKES PLACE UNTIL THE 
Y YF 300164 2309164 HERD IS DECLARED OUT 
C CM 489775 29 OF DANGER. 
@ jc CF 452199 2B 





HERD PUT IN DANGER OF EXTINCTION DURING YEAR 19282 

NO MORE HARVESTING UNTIL HERD IS SAFEe 

IN ORDER TO LOWER CHANCE OF EXTINCTIONs; 

DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1I=YESs @=N0) ?49 


HERD OUT OF DANGER IN YEAR 1924 
HARVESTING NOW PERMITTED 
DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1I=YESs M=NO) 24 


HERD PUT IN DANGER OF EXTINCTION DURING YEAR 1924 
NO MORE HARVESTING UNTIL HERD IS SAFE- 
IN ORDER TO LOWER CHANCE OF EXTINCTION, 
DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1l=YES> 








A=NO) ?A 








eee ire a nae EVEN THOUGH THE HERD HAS BEEN 
A AM 736541 | DECLARED TO BE IN DANGER AND 
ere: HARVESTING HAS BEEN HALTED, 

Y YM 193730 QUOTAS ARE STILL ASKED FOR. 
ee nae HOWEVER, THESE QUOTAS WILL 

C CM 368158 NOT BE IMPLEMENTED UNTIL THE 
C CF 329838 HERD IS OUT OF DANGER. 


HERD OUT OF DANGER IN YEAR 1926 
HARVESTING NOW PERMITTED : 
DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1l=YESs S=N0O) 71 


e SPRING OF YEAR 1926 ACY 
HERD SIZE= 2654510 
4 AM 898183 20 
¢ A AF 1787835 20 
Y YM 229895 22209895 
Y YF 293903 2293943 
C CM 329521 20 
C CF 394173 20 


HERD PUT IN DANGER OF EXTINCTION DURING YEAR 1926 

NO MORE HARVESTING UNTIL HERD IS SAFEe 

IN ORDER TO LOWER CHANCE OF EXTINCTION, 

DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1l=YESs BM=NO) ?59 





ced 





HERD OUT OF DANGER IN YEAR 1988 
HARVESTING NOW PERMITTED 
DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1=YESs; 


HERD PUT IN DANGER OF EXTINCTION DURING YEAR 19288 
NO MORE HARVESTING UNTIL HERD IS SAFE-e 

IN ORDER TO LOWER CHANCE OF EXTINCTION:» 

DO YOU WANT TO CHANGE QUOTAS AT THIS TIME C1=YESs 


HERD OUT OF DANGER IN YEAR 1939 
HARVESTING NOW PERMITTED 


SPRING OF YEAR 1939 ACY 
HERD SIZE= 2573814 

AM 795161 

AF 761432 

YM 212248 

JP. 199921 

CM 316797 

CF 292345 


Aa" ~< Pp DP 


TOTAL HARVEST IN 3@ YEARS IS 35452996 BUFFALO. 
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A=NO) 29 


A=NO) ?A 


PREVIOUSLY 
ESTABLISHED 


QUOTAS ARE 
THEN IMPLEMENTED. 




















Student has selected TOTAL FREEDOM OF HERD CONTROL 
RUN #3 \ and has driven the buffalo to extinction. 


BUFFALO HERD MANAGEMENT 
HAVE YOU USED BUFLO REFORE (1=YESs @=NO) ?1 
WHICH POLICY DO YOU PREFER ?1 
YEARS FOR ORSERVE»s CHANGE POLICY» REPORT 715,291 
CARRYING CAPACITY 719994 
STARTING YEAR= 271958 
WILL YOU INITIALIZE NUMRER OF BUFFALO BY 


BREAXDOWN ¢€1) OR TOTAL HERD €2) 72 
TOTAL RBUFFALO IN HERD ?3499 


HARVEST PERCENTAGE OF ORIGINAL POPULATION 
SYM/GROUP POP QUOTA A 199 2AM 394 
ES He 8 eS a Sang tcl gl Sea [eee ee Sees ee sores 
SPRING OF YEAR 1959 7 CYA 
HERD SIZE= 3996 7 
A AM 1134 | ?934 
A AF 1914 7314 
= T8266 27186 
: Se = eee C1 7138: 
GCMs 273 7273 
GCF: oe Ba 


HERD PUT IN DANGER OF EXTINCTION DURING YEAR 195% 
WE WILL CONTINUE AS YOU WISH. 














SPRING OF YFAR 1951 YAC IF TOTAL FREEDOM IS SELECTED, 
HERD SIZE= 535 THIS MESSAGE SERVES ONLY AS 

A AM 179 A WARNING. HARVESTING CONTINUES. 
A AF 179 

Air 

tie oS 

C CM 92 

CoCr: 385 


YOU HAVE SUCCEEDED IN COMPLETELY DESTROYING 


THE BUFFALO HERD BY 1951 
TOTAL HARVEST IN 2 YEARS IS 3135 BUFFALO. 


DO YOU WANT ANOTHER RUN C1=YES» G=NO) ?9 
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1AA 
195 
11d 
115 
120 
fea 
139 
135 
149 
145 
159% 
io 
169 
165 
179 
ie Be 
180 
135 
199 
Bee 
2B 
245 
219 


215, 
220 


225 
239 
235 
249 
245 
259 
255 
260 
265 
270 
275 
289 
285 
299 
295 
389 
345 
310 
315 
329 
325 
335 
335 
349 
345 
358 
355 
369 
365 
37H 


‘ 


IV. BUFLO PROGRAM LISTING 


REM RBUFLO -- PROGRAM SIMULATING THE RESOURCE MANAGEMENT OF 
REM BUFFALO HERDS -- **THREE VARIARLE GRAPH VERSION 

REM COPYRIGHT 19735 STATE UNIVERSITY OF NEW YORK 

REM MODEL DEVELOPED BY LeRRAUNs Je FRIEDLAND 

REM PROGRAMMED BY Le RBRAUNs REVISED RY Me WEISNER AND Re FESRIG 
REM LATEST REVISION: 11-28-73 
DIMSC3)sPC6)9MC6)s0C6)sH66)5702) 

DEF FNACX)=SGNCSGNCX)41 ). 

DEFFNBCIDO=INTCI)Y*FNACINTCI)) 

PRINT''s “BUFFALO HERD MANAGEMENT" 

PRINT 

PRINT''HAVE YOU USED BUFLO REFORE C1=YESs A=N0)'S 

INPUTD 

PRINT 

IF D=1THEN230 | 
PRINT''CONSULT THE STUDENT MANUSL FOR INFORMATION ON" 
PRINT'INITIALIZATION OF THE MODEL.’ 


PRINT 

PRINT"RUFLO USES THE FOLLOWING CODE:" 

PAIN AM=ADULT MALES"s"AF=ADULT FEMALES" 
PRINT” YM=YEARLING MALES", "YF=YEARLING FEMALES" 
PRINT" CM=CALF MALES"'s"CF=CALF FEMALES" 7 
PRINT 


PRINT'THERE ARE TWO POLICIES OF HERD MANAGEMENT AVAILARLE." 
PRINT’ TOTAL FREEDOM OF HERD CONTROL (¢€1)" 
PRINT"'OR AUTOMATIC SAFEGUARDS FOR HERD POPULATION ¢2)" 
PRINT’ WHICH POLICY DO YOU PREFER"S 

INPUTD 

IF CD-1)*¢€D-2)<>G9THEN2 30 

PRINT 

PRINT'YEARS FOR ORSERVEs CHANGE POLICYs REPORT'S 
INPUTZ9sP%sR% 

IFP49*RA=ATHENI75 

PRINT 

PRINT'CARRYING CAPACITY"; 

INPUTE 

IFE<>INTCABSCE) )THEN279 

IFE<=6E7THEN309 

PRINT"CARRYING CAPACITY MUST BE LESS THAN 60 MILLION." 
GOT0279 

PRINT 

LETH=9 

LETF5=9% 

LETF1=9 

PRINT'STARTING YEAR=""5 

INPUTT9 = 
eee OS AB OC Re ee 

LETT=T9 

PRINT 

RESTORE 

PRINT'WILL YOU INITIALIZE NUMBER OF BUFFALO By" 
PRINT"RREAKDOWN ¢€1) OR TOTAL HERD (€2)'$ 

INPUTG1 

IFG1=1THEN399 

IFG1<>2THEN359 


14 





PRINT'TOTAL RUFFALO IN HERD"'$ 

INPUTT5 

IFTS<>INTCARSCTS) YTHEN375 

FORI=1T06 

READZ (€1) 

LETPCI)=INTC(Z(1)*T5) 

IFG1=2THEN435 

PRINT'HOW MANY''S 

GOSUB9BS3 

PRINT" BUFFALO'S 

INPUTPCI) 

IFPCI)<>INTCARSCPCI))ITHENALS 

NEXT I 

IFG1=1THEN4534 
LETPC6)=T5-P¢(1)-P(2)-P(3)-P(4)-PC(5) 
FORI=1T06 

READMCI) 

LETHCI }=PCL) 

NEXT I 3 

PRINT 

PRINTTABC19)3 "HARVESTS 
PRINTTABC34)3""PERCENTAGE OF ORIGINAL POPULATION" 
PRINT'SYM/GROUP"S TAB(11)3"POP"S$ €C20)3 "OQU0OTA"S 
PRINTTABC30)3"A"Ss TARC42)5 "1008" TARC5S5)3 "OQ4A"$ TARC6R)IE"3GR" 
PRINT +-----2+-- "S$ TARC11)5 "--=-"5 TABCAD) 5 VY ----= ag: 
PRINTTARC 30)53 "I ------------ [ererrere----- [errr ern----- : 
READZ(1)sZ2¢€2) 

PRINT**SPRING OF YEAR “3$T3 

GOSUB935 

PRINT'HERD SIZE="'$ 
PRINTP(1)+P€2)4+P03)4+P(4)+P(5)+PC6) 

FORI=1T06 

GOSUB1955 

GOSUBIAGB 

PRINTTAR(6)3PC1)3 

IFF1=1 THEN565 

IFINTCCT-T9) /P9)<>CT-TA) /PATHENSSS 

IF D+F5=3THEN585 

PRINTTABC2D)S$ 

INPUTOQCI) | 
IFARSCINTCQC1I)))I<>OACIITHENS35 

GOTO596H 

PRINT 

NEXT I 

PRINT 

IFT-TOA=Z9THEN1105 
LETQ7=Q¢1)*ARSCSGNCF5+D=-3)) 
LETQ8=0¢(2)*ABSCSGNC(F5+D=-3)) 
LETF@=(1-Q8/¢0P(2)4+061))*FNAC1-Q8/°0PC2)40.1)) 
LETM9=C€PC1)-Q7/2)*FNACPC1)-Q772) 
LETF9=(P€2)-Q8/2)*FNACP(2)-0872) 
LETP9=(P€2)-Q8)*C1=-MC2) >*SGNCM9OXFO) 
IFF9/1A<M9THEN645 
LETP9=10*M9*(C1-MC2))*SGNCM9O*F9)*C1-Q8/2/0F9+201)) 
IF D+F5=3THEN685 

FOR t=} “TO: 6= 

LETH=H+QCI1) 

LETPCIY=PCI)-QCI) 
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665 IFP¢(I)>=8 THEN 689 

67% LETH=H+PC(1) 

675 LETPC(1)=9 

680 NEXTI | 

685 LETP7=P(1)+P(2)+P(3)+PC4)+PC4)+P(5)+PC6) | -_ 
699 IFP7=0THEN1I9994 * 
695 FORI=1T02 

7008 LET PCI)=FNRCC1-MCI)*PCTIFC1-MCI+2) )*PCI+2)-1) 

795 LET PCI+2)=FNBCC1-MCI+4))*PCI+4)*FG+.5) 

719 LET PCI+4)=FNBCZCL)*P9*C 1-6 A5*P7/E) +65) 
715 NEXTI 

720 LETF1=9 

725 IFPC1)<.919*ETHENSO9 


730 IFPC1)<QC1) /2THENSOAD =) 
735 IFPC2)<Q02) /2THENSGO 
TAA ITFPC2)<eALTHKETHENBISO 
7T45 IFFS=ATHENS55 ° 


75% PRINT'HERD OUT OF DANGER IN YEAR "5 T+1 

755 LETF5=04 

764 IFD=1 THEN8S59 | 

765 PRINT"HARVESTING NOW PERMITTED” 

776 IFINTCCT+1-TO)/PO)=CT+1-T9) /PATHENS SS 

1735. REM SKIP TF POLTCY 25a 

7380 PRINT"DO YOU WANT TO CH4NGE QUOTAS AT THIS TIMF CL=YESs A=NO)"S 
785 INPUTF1 

790 IFF1I*CF1-1)<>Q@THEN780@ 

795 GOTO858 | 

880 IFF5=1 THEN8S55 

845 REM DANGER OF EXTINCTION 

819 PRINT'HERD PUT IN DANGER OF EXTINCTION DURING YEAR "3 T 


815 LETFS=1 ee 
82% IFD=1THEN845 e sre 


825 PRINT'NO MORE HARVESTING UNTIL HERD IS SAFE." 
830 IFPC1)+PC2)=ATHENTS&S 

835 PRINT"IN ORDER TO LOWER CHANCE OF EXTINCTIONs" 
8408 GOTO78A 

845 PRINT"WE WILL CONTINUE AS YOU WISHe" 

850 PRINT 

855 LETT=T+1l 

86% IFT-TA<>ZBTHENSB&O 

865 LETF1=9 

870 LETPA=2E7 

875 GOTO519 

889 IFINTCCT-TO) /P4)=C(T-TO) /PATHENS194 ae eo 
885 IFINTCCT-T9)/RO)=C(T-TO) /ROTHENS1IG i" 
890 IFF1=1THENS514 

895 GOT0649 

90% PRINT" "3 eae : » 
985 GOSUR1955_ 

910 IF I/2=INTCI/2)THEN925 
915 PRINT'™M"sS 

928 GOT0939 

925 PRINTF"; 

938 RETURN 

935 FORI=2TO6STEP2 

949 IFHCI)+HCI-1)<>@ THEN 955 
945 LETS(1I/2)=43 








959 GOTO964 
955 LETSCI/2)=CPCI)4+PCI-“1)9*13/0H C1) #HCI-19 9439 
[ 96% NEXTI 
965 LETI1=1 
[oe FORJ=1T03 
‘975 FORI=1T0O3 
980 IFS(I)>SCI1)THENIOGD 
985 LETI1=1 
99% NEXTI 
995 LETI=2*11 
| 190% IFSC11)>79THEN1035 
| 1405 PRINTTABCS(11))3 
| 19149 GOSUR1955 
 @ 1615 LETS¢11)=4E8 
| 1929 NEXTJ 
| 5 14925 PRINT 
' 1%30 RETURN 
1935 PRINTTAR(C68)3 
1949 GOSUR1455 
1945 PRINT'->"'$ 
1959 GOTO1915 
1955 IF I>2 THEN 1465 
196% PRINT'A"S 
1965 IF ARSCI-3-5)>65 THEN 1975 
1470 PRINT"Y"s$ 
1075 IF I<5 THEN 1985 
1980 PRINT"'C"''s 
1985 RETURN 
1990 PRINT"YOU HAVE SUCCEEDED IN COMPLETELY DESTROYING" 
1995 PRINT'THE BUFFALO HERD BY "3ST 
& 11499 LETT=T+t1 
1145 PRINT 
1110 PRINT" TOTAL HARVEST IN"$T-TO3"YEARS IS"3H3"RUFFALO." 
1115 DATA. 3785 «3385-9625 +9465 591 
112% DATA @ 
EISS. DATA. 15 sie 
1139 DATA.255e25 
1135 DATS 45 eA 
(1149 DATA.525-48 
1145 PRINT 
115% PRINT'DO YOU WANT ANOTHER RUN (1=YES» @=NI0O)"'3 
1155 INPUTD 
1160 IFD=1THEN234 
1165 END 
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Variable 


p 

E 

FO 

Fl 

F5 

F9 

Gd 

G1 

H 
H(1)-H(6) 
I 

II 

J 

M9 
M(1)-M(6) 
Pg 

Pg 

Q7 

Q8 

Q(1)-Q (6) 
RD 
§(1)-S(3) 


V. LIST OF VARIABLES 


Meaning 
Policy decision flag 
Environmental carrying capacity 
Proportion of the adult females harvested 
Off-year policy set flag 
Harvesting - Herd Condition flag é 
Number of adult females present at time of mating 
Instruction flag 
Temporary response and number holder 
Total harvest 
Initial population of each cohort 
Index — 


Index 


Index 

Number of adult males present at time of mating 
Mortality (% deaths/year) of each age-sex group 
Policy adjustment interval 

Number of pregnant’ adult females 

Effective adult male harvest 


Effective adult female harvest 





Harvest quota/year for each age-sex group 





Report interval 


Graph TAB location 
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Variable Meaning 





T Year number 
TO | Initial Year 
T5 Total number of buffalo in initial herd 
ZO Time interval 
bal Z1 Proportion of calves born male 


4 a2 Proportion of calves born female 


When Subscript 


Equals Variable Refers To 
1 Adult Males 

z Adult Females 

3 Yearling Males 

4 Yearling Females 

5 Calf Males 

6 Calf Females 





® 
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VI. FORMULAS 


A. Population Structure & 


=P +P +P +P +P_ + 
P 1 a ed ee 


Where P. equals the total population and P, through Pe represent Adult 
Males, Adult Females, Yearling Males, Yearling Females, Calf Males and Calf 


Females respectively. 2 
: 
B. Fertility and Birth ) 


1) Number of pregnancies carried through to spring 


If Adult Females are at least ten times as numerous as 
Adult Males: 


Py = (P, - &) * (L- ™,) 


Where Pg equals pregnancies, Q, represents effective female 
Harvest and M, equals mortality in Adult Females. 


If Adult Females are more numerous than ten times the number + 
of Adult Males, then: 


Q,/2 
Po 10 *# My * (1-m,) * (1 -—F—) 


Where Mg and F9 equal the number of Adult Males and Females 
present at the time of mating. 


2) Births 


Ps = Zy * Py * [1 = (.45 * P_/E) | 


P. = Z, * P, * [1 - (.45 * P_/E)] 


Where E equals the environmental carrying capacity, a5 and Z5 equal 
the proportion of male and female births, respectively 
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Ce Aging and Mortality 


rd 
ll 


[Pit (1-M,) + PL * (1-M,)-1] 


rd 
ll 


>= Po * (-M,) + Pi* (1 -M,)-2) 


Where primed variables represent old values and unprimed variables 
represent the resultant values. 


P ero Om) ea 


rg 
A 
il 


[P, * (1 = Mg) * Fy! 


Where F, equals the proportion Adult Females harvested during the pre- 
ceding year. 


D. Harvest 


H = H'+Q,+0,+0,+0,+0,+Q, 


If any quota (Q, ~ Q,) exceeds the available population, then 


Q, =P, 


Therefore, the populaiion is lowered by its specific age-sex group 
quota or its propulation, if quota exceeds the available population 


ye 





1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


9) 


VII. BUFLO MODEL ASSUMPTIONS 


Nonhunting mortality is independent of hunting quota. For any single 
year, 10% of the adults, 25% of the yearlings and 40% of the calves 
will die. All mortality is assumed to take place after the hunting 
season. 


Increased mortality occurs in calves as adult females are harvested. 
This is based on the assumption that calves are dependent on their 
mothers during the entire first year. 


All harvesting takes place during late spring, summer and early autumn, 
Approximately one half of the quota has been harvested by mating season. 


As total population approaches the carrying capacity, the birth rate 
falls to 55% of its maximum value, It is assumed that all individuals 
have an equal environmental impact. 


It is assumed that each adult male bull can successfully mate with up 
to 10 adult females. 3 


If the quota exceeds the population of a particular sex-age group, the 
entire sex-age group will be harvested. One half of the original quota 
will be harvested before mating season. 


The herd is defined as “in danger of extinction" if the population of 
adult males or adult females falls below one twentieth of the normal 
population at the carrying capacity. 


No harvest is taken the last year of the program. A report is given 

for the spring of the year and then the program is terminated. (If the 
student wishes to continue this run, he may initialize another run from 
the last report, with the same results as if the run had been continued.) 


There is no immigration or emigration of buffalo from the area being 
studied. 


- 


It is assumed that the buffalo assemble in a single interacting herd, — 
especially as the numbers become small. 
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10) 


11) 


12) 


13) 


14) 


1) 


No female may become pregnant until the third year. A gestation period 
of nine and one half months places the first possible birth in the 
female's fourth year. After the fourth year, a cow may produce one 
birth per year. 


Males are assumed to play no role in raising or protecting the young. 


There is no fixed maximum lifespan for the buffalo, but most buffalo 
are assumed to die before old age (approximately 30 years). 


If the buffalo herd is initialized by "TOTAL HERD" (Choice 2), the 


cohorts are set: 


37.8% Adult male 
33.8% Adult female 
6.2% Yearling male 
4.6% Yearling female 
9.1% Calf male 

8.52 Calf female 


52% of all live births are male and 48% of all live births are female. 


VIII. FURTHER STUDENT INVESTIGATIONS 


Effect of Changing Calf Mortality 


Mortality of calves is always highest in the winter months, but this 
mortality may vary greatly with the severity of the weather. The 
effects of higher or lower calf mortality may be simulated by altering 
two values stored in line 1135 of the BUFLO program. Currently line 
1135 reads 1135 DATA.4,.4 which represents a calf mortality equal to 
40%. The first number represents mortality in male calves and the 
second is for female calves. These numbers may be replaced with any 
number from @ to 1, where @ represents no mortality, and 1 represents 
complete mortality. 


For example, if you wish to set both male and female mortality to 
60%, you would type: 


1135 DATA.69,.69 


before you type RUN". 
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The Effect of Differing Sex Ration in Births 


BUFLO assumes that 52% of the live births will be male and 48% female. 
This information is stored in line 1149 as DATA.52,.48. You can reset 
this ratio by choosing any two positive numbers that total one. 


For example, if you wish to examine the consequences of 25% male births 
and 75% female births, you would type: 


1149 DATA.25,.75 


Remember to use decimal numbers and place the male number first. This 
should be done just before typing "RUN". 


See also: "ADDITIONAL INVESTIGATION SUGGESTIONS" in STUDENT MANUAL, p.16. 


IX. BIBLIOGRAPHY 


AUDUBON NATURE ENCYCLOPEDIA 
Vol. 2, pp. 262-266, Curtis Books. 


Branch, E. Douglas 
THE HUNTING OF THE BUFFALO 
University of Nebraska Press, Lincoln, Nebraska: 1962. 


McHugh, Tom 
THE TIME OF THE BUFFALO 
Alfred A. Knopf, Inc., New York, N. Y.: 1962. 


Pryce, Dick 
"Buffalo" SCOUTING MAGAZINE 
Vol. 60, No.3, March-April 1972. 


Watt, Kenneth E. F. 


ECOLOGY AND RESOURCE MANAGEMENT 
McGraw-Hill Book Company, New York, N. Y.: 1968. 


24 


pb awe 


~ 


